Abstract. This paper establishes models for all the components of hot dip galvanized fasteners under working conditions, and also carries out assembly modeling based on their assembly relationships. Subsequently, these operations including finite element mesh generation, restriction of boundary conditions, definition of calculation rules and solution-seeking are carried out on the assembled model. Finally, the calculated results are analyzed. According to the final analysis, the failure of hot dip galvanized fasteners is primarily the breakage caused by equivalent stresses, and the dangerous stress point is located at the root of external threads. The maximum stress on nut is larger than that on bolt.
Introduction
Hot dip galvanized fasteners are extensively used in the mechanical and electrical industries because of their satisfactory anti-corrosion performance and low prices [1~2] . However, as a bolted connection, the tightening stress state of hot dip fasteners is very complicated. It is difficult to make researches with simplified models in analyzing its failure or dangerous stress points, while finite element proves to be an effective method to simulate the stress and its changes as well as the failure behaviors. This paper investigates the stress changes, dangerous stress points and failure patterns of hot dip galvanized fasteners under working conditions by using 3D modeling software and finite element analysis software. Refer to Fig.1 for the calculation methods.
Fig. 1 Finite Element Model Analysis and Calculation Method

Geometric Modeling
In this paper, common M20-6.8 hot dip galvanized fasteners are chosen for modeling analysis. At first, 3D modeling software is used to design and establish models for major components of fasteners. The designed components mainly include a bolt, a nut, a sleeve and a part to be connected. 3D models are shown from Fig.2 (a) through (d) . Next, assembly modeling is made for the designed components based on their assembly relationships. The three-dimensional diagram of assembled model is as shown in Fig.3 .
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Modeling for Finite Element Analysis
After the individual component models and assembly model for the bolt stress system are established, finite element analysis documents are to be developed, and 3D model is introduced to define the positions of components and stress constraints based on the contact of stress models and the stress conditions. In addition, mesh generation is carried out on the finite element model, and material properties, calculation and solution rules are defined for simulation analysis.
Stress Constraints
The specific performance parameters of M20-6.8 hot dip galvanized fasteners are given in Table  1 . The working conditions are mimicked, and the stress analysis of fasteners during tightening is as shown in Fig.4 , and the nut is suffering the tightening torques, and the stresses and torques from the part to be connected. The part to be connected is suffering the stresses and torques from the nut. Both sides of the part to be connected are fixed, and thus the stress is applied according to the 
Finite Element Mesh Generation
Generally, the smaller the finite element mesh is, the more accurate the results will be. However, this requires more time for analysis. To compromise between the accuracy and analysis time, small meshes are chosen for the parts with complicated structures, while relatively large meshes for some simple components [4] . According to preliminary calculation, the deviations between analysis results are small when the mesh size is 2 mm, indicating that the calculation accura cy is satisfactory. Therefore, the mesh size of bolts and nuts is determined to be 2 mm, while that of sleeve and the part to be connected is 8 mm. The mesh generation for the bolt, nut, sleeve and the part to be connected is as shown from 
Stress Analysis for Bolts
When an external moment of 338.249 Nm is applied on a M20-6.8 bolt, the axial load may reach 33,162 N. In this case, the axial stress, shear stress and equivalent stress on the bolt cross section are as shown from Fig. 7 through Fig. 9 .
According to Fig. 7 through Fig. 9 , the maximum axial stress, maximum shear stress and maximum equivalent stress of the bolt cross section all occur at the root of the threads which are engaged with the nut (for simplicity, the engaged nut is omitted in the diagram). This indicates that the root of threads is the stress center, namely, the dangerous stress point. In analyzing the three maximum values, we can see that the maximum axial stress σn = 339.29 MPa < σs, and the maximum shear stress τmax=371.19MPa ≈ τ0, while the maximum equivalent stress σevmax = 685.52 MPa > σb. This indicates that when the maximum axial stress and the maximum shear stress on the bolt haven't yet reached the failure state or approximate the failure state, the maximum equivalent stress at the root of threads that are engaged with the nut has reached the failure state, directly causing large plastic deformation on threads. Meanwhile, partial stress has been as large as theoretical failure state, and the bolt gets failed if additional load is further applied.
Stress Analysis for Nut
When the maximum shear stress of bolt reaches the shear strength (510 MPa), the equivalent stress and the maximum shear stress on M20-6.8 hot dip galvanized nut are as shown in Fig. 10 and 11, we can see that the maximum shear stress ' max  on nut is 479.12 Mpa, increased by 107.93 Mpa when compared to the maximum shear stress τmax on bolt, 371.19 Mpa. Since the maximum equivalent stress and the maximum shear stress in stress system always appear on the nut during tightening, the strength grade of nut shall be higher than that of bolt so as to match the load and life of bolt and nut. 
Conclusions
(1) Stress calculation method for hot dip galvanized fasteners is developed by using 3D modeling and finite element analysis software.
(2) According to the results of finite element simulation analysis, the bolt failure is primarily due to the breakage caused by the maximum equivalent stress, that is to say, before the axial load reaches the axial yield tightening stress, the partial maximum equivalent stress of bolt has reached the breakage strength, and thus more safety margin shall be reserved when designing the axial tightening stress.
(3) The dangerous stress point of bolt is located at the root of threads, and thus cracks at the root of threads shall be avoided or stress concentration at the root shall be avoided during the production process.
(4) The maximum stress load of hot dip galvanized fasteners lies on the nut, thus the strength grade of nut shall be higher than that of bolt.
